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SUMMARY: The variations of the hyoid bone has a great significance for surgical procedures of neck region, and in forensic
medicine for evidence of strangulation or hanging, which causes fractures. The aim of this study was to investigate tbgicabrphol
and morphometrical variations of the hyoid bone in Anatolian population. A total of 60 adult larynx specimens (46 malé&)Wdema
dissected to identify morphological and morphometrical variations of hyoid. The infrahyoid muscles and thyrohyoid membcahe were
and ligamentous structures of bone were removed. The variations of shape of the hyoid were classified into six typesd flyaitap
bone observed in 31.7 % (19 bones), a horseshoe-H-type in 10 % (6 bones), a B-type hyoid in 31.7 % (19 bones), a Dagpd byoid i
(9 bones), a V-type bone in % 5 (3 bones) and HK-type bone in 6.7 % (4 bones) of all necks. The breadth, width and reejeraxisv
were approximately measured as 40.4 mm, 28.4 mm and 33.5 mm, repectively. It has been found that the hyoid bones of Anatolian
population had morphologically important differences than in other populations.To understand the anatomical variationsrandntsas
of this bone is of valuable importance with regard to clinical practice and forensic medicine.
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INTRODUCTION

Variations of some metric characteristics of the hyoidr cervical trauma cases and it also has forensic significance
bone have been reported in western populations (Chafiindschuhet al, 2012; Kindschulet al, 2010; Kimet al;
1967; Kindschutet al, 2012; Leksaet al, 2005; Milleret Leksan et al; Mukhopadhyay, 2010; Pollanen &
al., 1998; Martinezet al, 2008). Except for Indian and Chiasson,1996; Pollanen & Ubelaker, 1997). Its fractures
Korean populations (Kindschuét al, 2010;Kimet al, could depend on the shape and calcification of the bone
2006),little attention has been paid to this anatomic issue(iBerny,1990; Kinmet al; Leksaret al; Miller et al,). They
the eastern populations. The standard anatomical and cliniaglially occur in the mean or in the posterior third of the
textbooks provide only basic information about this bongreater horn of the hyoid in older individuals (Porrath, 1969).
(Standring 2008;Woodson 2006) and describe it as$yoid bone abnormalities or malformations can be seen in
symmetric or U-shaped. On the other hand, relatively fewdifferent clinical conditions such as Pierre Robin sequence
studies have been focused on variants of the shape of hyait cleft lip and palate, enlargement greater cornu of thyroid
Kim et al and Koebke & Saternus (1979) have described itartilage (Mukhopadhyay; Pollanen, 1997). Some authors
shape as symmetric or asymmetric, parabolic or hyperbollsame anatomical malformations of the hyoid bone for
respectively. Another classification which includes five typegiscomfort in the region of the hyoid bone at rest or when
(B,D,H,U, and V types) has been done by Papadopetilosturning the head (Mot al,1994).
al., (1989). No studies have been reported in Anatolian.

The anatomic abnormalities and variations of the

Because of its anatomic position and physical rigidityone structures of the neck have recently become significant
and variations of its shape, it has been stated that the hyb&tause of the new imaging techniques such as spiral
bone becomes a prime indicator in strangulation or hangisgmputed tomographic scan with 3-dimensional
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reconstruction and magnetic resonance imaging. Also thse the “horseshoe-H -Type”; B -Type resembles a transverse
investigation of these variants is important in order to defsection of a boat and its diameter coincides with the major
ne the morphologic features for clinical dignosis and faransverseaxis. When its anterior part is a half circle,
surgical precedures. The aim of this study is to determipesteriorly one or both greater horns deviate to one or to the
the morphological features of the hyoid bone in Anatoliaather side, bone is said to be of the “deviating-D-Type”, when
population and contribute additional data to the literatureit is triangular shape or resembling the letter V , it is said to

be of the “V-Type ". When its right and left greater horns do

not lie in same plane and left cornu is curved medially, it is
MATERIAL AND METHOD named to be of the HK-Type (Figs. 1, 2 and 3).

For further subdivisions of the main classification

The present study was carried out on 60 cadaveere determined as symmetric and asymmetric. A bone is
specimens (46 male, 14 female) who had no previous surgisgimmetric if the middle of all its transverse diameters falls
procedures in the laryngeal area. All of the specimens were the sagittal axis, otherwise it is asymmetric, deviating to
aged between 19-80. They had been stored in 10 % buffemetk of the sides (right or left).
formalin. The specimens which have laryngeal cartilages,
thyroid gland, infrahyoid muscles and thyrohyoid membrane
were dissected. First, infrahyoid muscles and thyrohyoid T e
membrane were cut following from the down to 1 cm of m
hyoid bone, then muscular and ligamentous structures of pheti
bone were removed. All measurements of the bones were »
performed using a standart digital caliper and keeping the >
bone on flat surface in anatomical positions.

The shapes of hyoid bones were macroscopicall
noted and classified according to the system described by
Papadopoulost al According to this system, when the an-
terior part of bone is composed of a half circle and the
diameter of the half circle and posterior transverse diamet
is approximately the same, the bone is said to be of the’ :
Type; when the diameter of a half circle anteriorly is longer. .~ G
than distance between the greater horns, the bone is cIass@@t_j

2. Asymmetrical form of hyoid bone (D-Type).

Fig. 1. Types of classification of hyoid bone according to their shape. a. U-Type; b. Horseshoe
- H-Type; c. B-Type; d. D-Type; e. V-Type; f.HK-Type.
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The following osteometric measurements were taken (also see Fig.4).

a) Breadth or width of hyoid: distance between the distal ends of the greate

cornu.

b) Length: distance separating a line through the distal ends of the great
cornu and the center of the hyoid body.

¢) Major transverse axis: distance between the interior contours of the great
horns;

d) Length of body: distance between both body-lesser cornu junctions.

e) Length of left cornu: distance from the junction of lesser cornu and body tc
the tip of left greater cornu.

f) Length of right cornu: distances from the junction of lesser cornu and body
to the tip of greater cornu.

g) Maximum height of the hyoid body: taken from the most superiorly and
inferiorly projecting points.

h) Total left hyoid length: distance from superior end of left greater cornu to
inferior margin of anterior surface of body.

i) Total right hyoid length: distance from superior ends of right greater cornu
to inferior margin of anterior surface of body.

Data were analyzed statistically using analysis of variance (Anova-
test), t-test, Tukey-test anéi test.

RESULTS

The morphologic types of hyoid bone were determined. Of these U, H
(horse-shoe), B, D (deviating type) and V types of the Papadopoulos (4) syste
and HK-type could be macroscopically identified (Figs 1, 2 and 3). The HK-
type had macroscopically a transitional form between D-type and H-type. On
of its cornu majus shows a hook form, while the other one was flat. On thg
other hand, it had asymmetrical form as the D-type (Figs 1 and 2).

U@v

Type-U Type-H Type-B
Type-D Type-V Tvpe -HK

Fig. 3. Schematic diagram of hyoid types.

Table | The measurements for each type of hyoid bone
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3 Measurements (mm)
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Range

Mean+SD

Range

Mean+SD

Range

Mean+SD

Range

Mean+SD

Range

Mean+SD

Types

(10.26-21.00)

15.77+3.10
15.28+3.32

(19.15-29.89)
(23.33-32.64)
(23.75-39.37)
(19.70-32.78)
(19.24-28.77)
(23.18-28.68)
(19.15-39.37)

28.50+5.38 (20.01-37.08) 31.91+4.47 (22.04-39.00) 25.22+3.17
34.58+3.65

(27.32-42.84)
(35.57-53.62)

37.24+486
(29.50-39.41)

43.58+5.26

Type-U

(10.42-25.00)
(12.39-16.98)

26.69+2.30

(28.41-39.56)
(31.75-38.229)

(27.06-38.47)

(20.63-34.63)

26.59+4.45
31.09+0.90
30.50+2.46
28.57+3.21

Type-B

14.06+1.68

30.62+7.03
26.90+6.64

34.42+2.36

(30.31-32.46)
(28.23-33.13)

35.95+3.38
45.90+7.09
42.48+5.92

Type-H

(11.78-14.01)

(11.78-18.11)

12.67+1.17

31.124+6.37
34414427
35154321

33.56+4.11

(39.19-53.32)
(36.94-57.08)

Type-V

14.8012.43
14.75+3.40
15.07+2.93

24214385
26.39+2.36
26.23+3.95

(28.47-40.86)

(22.45-31.88)

30.60+2.96
28.41+4.40

Type-D

2016.

(12.51-19.76)
(10.26-25.00)

(30.70-38.28)

(27.44-33.82)

(35.38-43.23)
(27.32-57.08)

38.71+3.36
40.44+5.87

TypeHK
T otal

(22.04-40.86)

(20.01-37.08)
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Averages of osteometric measurements of hyoid bone are shown in Table I. There
were usually no significant morphologic differences between boys and girls (P>0.05)
(Table 11). Only difference in breadth or width (a) of hyoid bone between boys and girls
was statistically significant (t= 2.157, P<0.05) (Table I1). 21.7 % of the hyoid bones
symmetrical and 78.3 % was asymmetrical.A (U-shaped) hyoid bone observedin 31.7 %
(19 bones), a horseshoe type hyoid in10 % (6 bones), a B-type hyoid in 31.7 % (19
bones), a D-type hyoid in %15 (9 bones), a V-type bone in % 5 (3 bones) and HK-type
bone in 6.7 % (4 bones) of all necks (Table IlI).

Without considering the sex, whereas the differences in “b, c, e, f, g,h and ",
Fig. 4. Osteometric measurements.measurements of hyoid bone between each bone type were not statistically significant
a. Breadth or width of hyoid; b. (p>0.05). The breadth or width (a) and length of body of hyoid bone (d) between U-type
Length; c. Major transverse axis; ang B.type,:B-type and H-type were different significantly (f=4.963, P<0.01; f=2.560,
26Ir_r?LTgftthgan;ﬁyc;fefiIg;r?tngg:r?:-lzﬂ P<0.05). According to sex, the frequency of presence of each type did not show significant
- = difference (P>0.05). The frequencies of presence of each type of hyoid did not present

Maximum height of the hyoid o S .
body: h. Total left hyoid length: i) statistically signficant differences between the groups of change years (P>0.05) (Table 1V).

Total right hyoid length. .
Whereas for height of body of

hyoid bone (g) statistically significant

Table Il. Averages of osteometric measurements of hyoid bone. differences between the groups of 31-50
Measurement Male (n=46) Female (n=14) Total (n=60) ages and 51-70 ages were presented (P<
(mm) 0.05), according to age groups, other
*q 41.3146.03 37.56+4,36 4044 +5.87 measurements of hyoid bone did not show
a statistical difference(P>0.05).
b 28.30+4.34 28.76+4,73 28.41+4.40
c 34.07+4.19 31.88+3,46 33.56 +4.11
d 26.52+4.22 25.28+2,84 26.23+3.95
e 25.44+4.50 24.79 +4,11 2529 +4.39
f 25.61+4.53 24.79+4,11 25.42+4.42
g 15.35+2.85 14.16+3,08 15.07+2.93
h 39.45+4.71 38.98+6,54 39.34+5.13
1 39.33+4.55 38.98+6,54 39.25+5.02

*=2.157,P<0.05

Table Ill. Frequency of shapes of hyoid bone for sex.

Hyoid bone types
Type-U Type-B Type-H Type-V Type-D Type-HK Total
Sex* No. % No. % No. % No. % No. % No. % No. %
Male 12 26.1 15 32.6 5 11.0 1 22 9 19.6 4 8.7 46 100
Female 7 5.0 4 28.6 1 7.1 2 14.3 - - - - 14 100
Total 19 31.7 19 31.7 6 10.0 3 5.0 9 15.0 4 6.6 60 100
X2=9.24, P> 0.05
Table IV. Frequency of hyoid bone shapes for various age groups.
Hyoid bone types
Type-U Type-B Type-H Type-V Type-D Type-HK Total
Age No. % No. % No. % No. % No. % No. % No. %
<30 7 36.8 7 36.8 2 10.5 1 53 1 53 1 5.3 19 31.7
31-50 6 28.6 3 143 3 14.3 1 4.8 6 28.6 2 9.5 21 35.0
51-70 5 35.7 5 35.7 1 7.1 1 7.1 2 14.3 0 - 14 233
70< 1 16.7 4 66.7 - - - - - - 1 16.7 6 10.0
Total 19 31.7 19 31.7 6 10.0 3 5.0 9 15.0 4 6.7 60 100
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DISCUSSION shaped bones (29 %) as symmetrical, and the others as
asymmetrical (Leksaet al., 2005). In their study the
incidence of asymmetric bones of males was lower than

Dissections have shown that the six main forms démales (in males 5.7 %, in females 22.8 %). In Indian
hyoid bone can be macroscopically identified in the adulmopulation incideoes of symmetrical and asymmetrical

in Anatolian population: U,H,B, D,V and HK types. This ishyoids were found as 93.1 % and 6.9 % , respectively

supported by the statistically significant differences of thtMukhopadhyay 2006).

proximal and distal transverse diameters (a and d

measurements) between B and U, and B and H types. As In the current investigation, other notable

mentioned by Papadopouletal, there is a clear distinction observation was HK- shaped bone which its right and left

between H and U-types of the classical description, whiareater horns do not lie in the same plane and left cornu is
together cover only 42 % of the population. Four other typesirved medially. We have not seen similar finding in any

B, D ,V and HK types not specially mentioned in thether studies. Only Klinefelter (1952) had found a case

texbooks, cover the remaining of 58 %, to of which B typerhich right and left cornu majus did not lie in the same

is most common in the overall frequency. plane and the left greater cornu was angulated downward
and backward. In our series, U and B types were more and
In the other articles, variations of hyoid shape and it type less common with incidences of 31.7 %, 31.7 %,

morphometry were shown in Tables V-VI. reportedand 5 %, respectively (Table V).

Papadopoulogt al have reported the incidence of the

“U,H,B,D and V —types” of the hyoid as 18.4 %, 21.1 %, Leksanet al, (2005) and Pollanen and Ubelaker

26.3 %, 28.9 % and 5.3 % respectively. They also hddund the U-type hyoid, and Koebke & Saternus B-type

classified the hyoid bones as asymmetrical (47.4 %) ahgioid more common and Papadopowdbal D-type hyoid,

symmetrical (52.6 %). Their H, D and U types werélartinez et al. V-type hyoid (Table V). Our findings
asymmetric and B and V shaped bones did not shawrrespond those of Leksan and Koebke. In contrast, it is
asymmetry. not similar to those of Papadopoulos and Martinez. The
minority of incidence of V-type hyoid show similarity
In classification of Koebke & Saternus (1979)pbetween Anatolian and Greek populations. In the past,
parabolic type (40.9 %) belong to our B and V- type (36.7)nmigrations between two society might cause this
their horseshoe (Hufeisen) type (13.1 %) to our H-type(ldbndition. While in Greek population there was no

%) , their hyperbolic type (35 %) to our U-type (35 %) angignificant difference between incidences of symmetric and

their asymmetric type (11 %) to our D-type (15 %). Pollaneasymmetric hyoids, in other populations, incidence of

& Ubelaker have classified the hyoids as hyperbolic (Usymmetrical hyoids was more higher than asymmetric

shaped) (55 %) and parabolic (V-Shaped) (45 %) accordihgoids.

to length and width of bone. Leksahal have considered

the types of hyoid bone as symmetrical (85.7 %) and “A, c and g” measurements showed statistically

asymmetrical (15.3 %); Although their symmetrical type hasignificant differences between Africans and Europeans.

included U (51.6 %) and V shaped hyoids (48.4 %)t also has been determined that above measurements were
asymmetrical type has not been classified according to shajmger in male hyoids than female hyoids (Kindsckth

of hyoid bone. al., 2012).This is consonance with our study on Anatolian
population. As seen in Table VI, different authors have

In Croatia population, it was found that incidencesound the dimensions of hyoid to be very similar . An
of symmetric and asymmetric hyoids as 85.7 % and 15.3 #xception was the paper by Kehal who noted a hyoid
respectively. Authors have determined U (31 %) and Width of 37.2 mm .We found the width of hyoid as slightly

Table V. Percentages of shapes of hyoid bone compared with the previous studies

Study N Sym(%) Asym.(%) U%) H(%) B(%) D(%) V(%) HK(%)
Papadapoulos (1989) 76 52.6 474 18.4 21.1 26.3 289 53 -
Koebke & Saternus (1979) 504 89.0 11.0 35.0 13.1 40.9 11.1 (40.9) -
Pollanen et al. (1997) 100 - - 55.0 - 45.0 - (45.0) -
Leksan et al. (2004) 70 85.7 14.3 51.6 - 48.4 - (48.4) -
Mukhopadhyay (2010) 144 93.1 6.9 - - - - - -
Martinez et al. (2008) 17 - - - - 11.8 11.8 -
Present study (2015) 60 78.3 21.7 31.7 10.0 31.7 15.0 5.0 6.7
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Table VI. Measurements of the hyoid bone compared with previous studies

Study N Specimen Measurements (mm)

a b c d e f k 1
Chang (1967) 100  Cadaver (Korean) 394 - - - 313 312 - -
Miller et. al. (1998) 315  Radiograph (North American) 399 263 - 20.3 295 279 - -
Leksan et. al. (2005) 70  Dry bone (Croatia) 432 388 - 300 26.6 268 158 -
Kim et. al. 2006) 85  Cadaver (Korean) 372 292 203 - 307 312 74 -
Martinez et. al. ((2008) 60  Dry bone (Afrc. Amr. Eur.) - - - 223 - - 11.7 -
Mukhopadhyay (2010) 144 Autopsy (India) 389 258 - - 26.7 - - -
Kindschuh et. al. (2012) 100  Dry bone (African) 39.2 - 389 213 288 - 11.3 357
Kindschuh ez. al. (2012) 100 Dry bone (European) 434 - 425 232 296 - 113 35.0
Present study (2015) 60  Cadaver (Anatolian) 404 284 335 263 252 254 151 393

higher than other populations and lower than European Endotracheal intubation is generally considered to
and Croatia populations. In our study, it was observed tHat the contemporary method of securing an airway and
the length of hyoid was higher than that of Croatiassuring adequaten@éation. To determine accurate cen-
population. On major transverse axis “c” value , our findintral positioning of the intubation guide surface, hyoid bone
is higher than that of Korean population and lower thais a major anatomical landmark of neck . Its unskilled
those of African and European population. In the preseimisertion can cause additional injuries, for example, to
study “d, e, fand g” measurements of Anatolian populatighe front incisors Alexopoulcet al,1983; Dhara, 2009).
are principally different from other populations. Sometimes the shape of the standard endotracheal tube
can not conform to the anatomy of the airway and this
It was observed that there was no significarinharmoniousness is probably the most injurious factor
difference between lengths of the left and right cornua of tracheal intubation. In order to measure the tube recaoil
majority of them were symmetrical (Leksan al; deformation pressure at different points of the airway, it
papadopoulost al; Kim et al.; Mukhopadhyay; Pollanen is necessary to know the exact shape of the airway
and Ubelaker; Milleret al; Koebke and Saternus). Our(Alexopouloset al). In our study, width of hyoid was
results correspond to the findings in other populations. found shorter in H- type than other types. This may cause
our study, the length and maximum height of body wetde difficulties during intubation.
found to be higher than other populations except for Croatia
population, which may be assocated with anatomical The most important lesions of the hyoid apparatus
differences between different ethnic groups or geographicaie the fractures with direct trauma due to an outside for-
regions. In a case presented by Sigelal (1998), right ce and muscular fractures (Porrath). They are usually seen
greater cornu of the hyoid bone was noted to be elongaiadhe body or greater cornu of the hyoid and have a much
and was blocked by the lateral process of the cervidaigher prevalance in men than women (Dalati, 2005). The
vertebra. In this patient, there is a discomfort in the regidryoid fractures due to inward compression such as ma-
of the hyoid bone at rest or when turning the head. Taal strangulation, sudden hyperextension of the neck,
understand the underlying pathological condition , thanteromsterior compression such as hanging or direct
hyoid morphology should be evaluated by clinician. Frorhlows to the neck and bullet wounds (Porrath), 34 % of
the point of view of this, lengths of greater cornu@ases of manual strangulation have a fractured hyoid bone
consequently the shape of hyoid should be known. (Ubelaker, 1992). (Pollanen & Chiasson (1996) have
mentioned that the shape of hyoid and its rigidity was
In my opinion, the different activities of one of the important factors of hyoid fractures. However,
developmental genes may cause the clefting ithey only determined two hyoid shapes as parabolic and
mesenchyme of different parts of hyoid. On the other haigperbolic. Our classification include six hyoid types
the differences on regulation of differentation ofwhich may be important in forensic medicine. It has been
developmental genes may cause the difference dported that cornu of fractured hyoid or length of hyoid
development of hyoid body and its major and minor cornwaere larger than those of unfractured hyoid bones
stage by stage, consequently, the different shapes of hy@bllanen & Chiasson, 1996). In our study for cornua of
may appear. Additionally, differences in suprahyoidi, V and HK types of hyoid are longer than other types.
musculature insertion may be the cause of different shageéensequently they are more vulnerable or more
of hyoid. predisposed to fracture.
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There has been an increasing number of reports GONCLUSIONS
hyoid fractures occuring in high speed automobile and
motorcycle accidents (Reimann). The etiology of a tear of
fibrous junction of the greater cornua and the body with This is the first reported morphological study on
displacement is probably the sudden hyperextension and threatlaveric hyoid bones from Anatolian population and it
that occured at the time of the accident with a muscular fraeighlights individual and ethnic/racial variations. Our
ture resulting (Reimann,1961) .This position also places mangualitative quantitative research on the morphological
of the muscles attaching to the hyoid bone under tensiorariability of hyoid bone provides precise well-sorted data
decreasing the mobility of the hyoid and thus its ability tabout variations of morphometry and shape of hyoid bone
absorbe forces (Poet al, 2012). In this condition, the shapein a Anatolian population to supplement the existing reports
of hyoid especially V, H and HK- typed hyoids may be forcefubf its kind which will contribute to a thorough understanding
on fracture because of reducing its ability to absorbe forceasf. the human hyoid. Our new morphological observations
The age depency of hyoid fracture correlated with the degreethe Anatolian population may also be of interest to
of ossification or fusion of the hyoid synchondroslinicians as well as anatomists. Knowledge of
(Papadopoulost al; Pollanen & Ubelaker, 1997; Pollanen &morphological variations of hyoid bone is essential for
Chiasson, 1996; Dalati). Arigid cornua is more likely to frachelping the clinician in the diagnosis and treatment of
ture than prior to fussion the elastic cartilaginous structure discomforts in the region of the neck and for surgical
the hyoid or applicable cornu (Dalati; Petral). procedures .

KOPUZ, C. & ORTUG, G. Morfologia variable del hueso hioides en una poblacion de Anatolia: consecuencias clinicas - Un estudio
cadavericolnt. J. Morphol., 34(4)1396-1403, 2016.

RESUMEN: Las variaciones del hueso hioides tiene un gran significado para los procedimientos quirtrgicos de la region del
cuello, y en la medicina forense para la evidencia de estrangulacion o ahorcamiento que causan fracturas. El objetiudi®faste e
investigar las variaciones morfoldgicas y morfométricas del hueso hioides en una poblacién de Anatolia. Un total de 6@enuestras
laringe adultas (46 hombres, 14 mujeres) fueron disecadas para identificar las variaciones morfolégicas y morfométrisas del hue
hioides. Se seccionaron los musculos infrahioideos y la membrana tirohioidea, y fueron removidas las estructuras ligan@ntosas d
huesos. La forma del hioides se clasificé en seis tipos: a (forma de U) del hueso hioides observo en el 31,7 % (19maed®s), for
herradura hioides in 10 % (6 huesos), hioides de tipo B en el 31,7 % (19 huesos), tipo D hioides en 15 % (9 huesosg tipdiVeso d
en % 5 (3 huesos) y de tipo HK hueso en un 6,7 % (4 huesos) de todos los cuellos. Se midi6 la amplitud, ancho y ebejenieymsver
de 40,4 mm, 28,4 mm y 33,5 mm. Determinamos que los huesos hioides de la poblacién Anatolia tenian importantes diferencias
morfoldgicas en comparacion a otras poblaciones. El conocimiento de las variaciones anatdmicas y las mediciones desste hueso e
importante con respecto a la practica clinica y la medicina forense.

PALABRAS CLAVE: Hueso hioides; Forma; Variacion; Morfometria; Embriologia.
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